The purpose of this study was to examine whether several aspects of personality, as measured by the Temperament and Character Inventory (i.e., novelty seeking, harm avoidance, reward dependency, persistence, self-directedness, cooperation, and selftranscendence), were determined in part by family factors (i.e., genes and/or familial environments). Analyses were conducted on a sample of 358 Japanese families (1224 individuals) using structural equation modeling (SEM). In our analysis, we operationally assumed that families with fewer than four children had missing data as a means of integrating different patterns of families simultaneously using full information maximumlikelihood (FIML) estimates. Results showed the influences of parent-offspring relationships, spouse and sibling correlations, gender differences, and heritability. Both familial environment and genetic sources of resemblance were suggested for temperament and character. Finally, future tasks were discussed.
Introduction
Individuals within a family are similar to one another in psychological traits, as indicated by research examining family resemblance (Ahern, Johnson, Wilson, McClearn, & Vandeberg, 1982; Bratko & Butkovic, 2003; Sward & Friedman, 1935; Weidner, Rice, Knox, Ellison, Province, Rao, & Higgins, 2000) . Of course, family members are also different from one another. How can we describe the resemblances and differences between individuals if these traits are constructed by genetic and environmental factors? Behavior geneticists studying normal human variation in quantitative traits utilize three major approaches: examination of the resemblance between parents and the biological children they reared, between adopted children and their biological and adoptive parents, and between monozygous (MZ) and dizygous (DS) twins (Ahern et al., 1982) .
Not many familial studies have been conducted. Early studies of the parent-child relationship were reviewed by Crook (1937) , Hill and Hill (1973), and Insel (1974) . These studies generally involved samples that were small and potentially biased, including relatives of persons in psychotherapy. Because the results of these few studies showed remarkable variability, it is difficult to form very useful generalizations from them with regard to heritability or family resemblance (Ahern et al., 1982) . Loehlin & Nichols (1976) stated that "it is a paradoxical fact that there is now a great deal more information available for twins than for ordinary brothers and sisters, normal parents and their children, or other relatives". Their assertion still holds in the present day; the state of familial studies is essentially the same. Methodological issues, among others, likely impede the development of familial studies, although twin studies are highly developed and refined.
However, familiality studies provide important information in that they can reveal not only the influence of genetic factors but also the relationships of traits to those of spouses and siblings. According to Weidner, Rice, Knox, Ellison, Province, Rao, & Higgins (2000) , because spouses generally do not share common genes, similarities in personality traits between spouses could be due to an environmental factor such as shared environmental influences (e.g., marital conflict) and/or assortative mating, which is defined as the mating of individuals within a species that are phenotypically more similar than would be expected if only chance mating were to occur (Reber, 1995) .
Essentially the same phenomenon occurs in the case of sibling correlations, although siblings have half of their genetic makeup in common. Due to environmental influences, similarities in traits would be expected to be higher among siblings than between children and parents. Integrated resemblances, including these environmental effects, are called "familiality," which, according to Ahern et al. (1982) , is different from heritability.
From a methodological perspective, several recent familial studies can be considered to be extensions of twin research (Distel, Rebollo-Mesa, Willemsen, Derom, Trull, Martin, & Boomsma, 2009; Distel, Rebollo-Mesa, Abdellaoui, Derom, Willemsen, Cacioppo, & Boomsma, 2010; Rebollo, Marleen, Dolan, & Boomsma, 2006) . The analyses conducted by Distel et al. (2009) and Distel et al. (2010) did not follow the classical ACE model, but rather adopted the extended twin design described by Fulker (1982) and by Neale, Walters, Eaves, Maes, and Kendler (1994) . It should be noted that the extended design required samples from twins as well as from the parents, siblings, and spouses of twins. On the other hand, the current study was not restricted to only twins, but instead examined all members of families.
Familiality in Temperament and Character
The purpose of our analysis is to propose and describe a framework to understand psychological resemblances and differences among family members based on the notion that a family is a genetic and social system. For this purpose, we used the Temperament and Character Inventory (TCI) by Cloninger, Svrakic, and Przybeck (1993) to further our understanding of family relationships. The TCI is based on psychobiological theory, namely, a seven-factor model of temperament and character. Cloninger et al. (1993) hypothesized that temperament underlies the development of character, and that personality is an end-product of the interaction between the two.
Temperament consists of four heritable dimensions, which manifest early in life: novelty seeking (NS), harm avoidance (HA), and reward dependence (RD) from which the fourth dimension, persistence (P), emerged. These temperament dimensions are hypothesized to be determined genetically and to correlate with dopaminergic, serotonergic, and noradrenergic activity, respectively. Character consists of three dimen-sions that mature in adulthood: self-directedness (SD), cooperativeness (C), and selftranscendence (ST). These character dimensions are hypothesized to be determined primarily by the environment.
Familial Modeling in SEM
In the current study, we constructed a model using the framework of structural equation modeling (SEM) and estimated correlations between parents and children as well as between spouses and between siblings to describe family resemblances and differences in temperament and character.
Regression coefficients were assumed in the model, with parents as independent variables and children as dependent variables. It has been reported that influences from parents to children differ among the various combinations of parents' and children's genders (Ahern et al., 1982) .
To describe these situations, one may assume some forms of multi-group analysis. Examination of families with two children requires four multi-groups because of the possible combinations of first-born gender (male or female) and the second-born gender (male or female). Thus, the multi-group analysis model would be inappropriate when examining a family with only one (first-born) child. If the model were applied to a family of three members or if one child is selected from the offspring, sibling correlations could not be estimated.
It is also inappropriate to analyze models of three-and four-member families independently, because error variances would be evaluated separately. In addition, families with one child or two children are the majority family structures in Japan. Therefore, to include different types of families simultaneously in our model, we utilized an alternative methodology.
Using FIML
To solve this issue, the current study utilized a path model that contained two parents and four children, as shown in Figure 1 .
In the path model, children were sorted by first-born son, first-born daughter, second-born son, and second-born daughter. It is important to note that this model is not restricted to families consisting of six members, but has the capacity to include different patterns of families, from one or two children to a maximum of four children. The only child that would be excluded would be the third or fourth of one gender.
We regarded a family with fewer than six members as having missing data given that data from one (or two) of the second-born child would be considered "missing." For the parameter estimation, we used the full information maximum likelihood (FIML) estimation (Arbuckle, 1996) .
FIML is a method of estimation in which information from missing data is inferred, and it is related to the missing-data mechanism. Rubin (1976) described and named a number of mechanism types. If the probability of the missing-data pattern depends on neither unobserved data nor observed data, then the data are both "missing at random (MAR)" and "observed at random" (OAR). Such data can also be described as "missing completely at random (MCAR)." If the data are MCAR, the missing-data mechanism is ignorable. Moreover, if the probability does not depend on the unobserved data and the parameters of the missing-data process, then the data are MAR. If the data are MAR, the missing-data mechanism is ignorable for likelihood-based inferences (Holman & Glas, 2005) .
It is a methodological advantage that FIML can estimate correlations without any deletion of data when data are missing. In the current study, families consisting of fewer than six members were regarded as having MAR data. FIML procedures widely used include SEM programs Amos (Arbuckle & Wothke, 1999) , Mx (Neale, Boker, Xie, & Maes, 1999) , LISREL 8.5 (Jöreskog & Sörbom, 1996) , and Mplus (Muthén & Muthén, 2004) . To use FIML, this study operationally constructed a path model of a family with six members.
Familial Influences
Coefficients between parents and children were estimated using two instrumental variables, "son" and "daughter," with both of the residual variances fixed at zero. Genetic influences can be inferred when the coefficients between parent and offspring are significant, but this is not the case for correlations between spouses because spouses (generally) do not share common genes (Weidner et al., 2000) . As it was predicted that gender would influence these correlations, we estimated the parameters independently according to the following categories: brother-brother, sister-sister, and brother-sister.
Next, we considered the main effects of gender, which are due to both biological and sociological factors. Several studies have already shown gender differences in TCI (Hansenne, Le Bon, Gauthier, & Ansseau, 2001; Hansenne et al., 2005; Pélissolo, Mallet, Baleyte, Michel, Cloninger, Allilaire, & Jouvent 2005; Gutierrez-Zotes, Bayon, Montserrat, Valero, Labad, & Cloninger, 2004) . In the path model, deviations from the mean are estimated by an instrumental variable that has no residual variance and whose intercept is fixed at one. Paths from this instrumental variable are added to all six members of the family, and coefficients are equal within same gender.
We did not consider other factors such as birth order among siblings. Although the model is able to deal with this factor, the assignments of children did not correspond to birth order itself. In the case that the first-born child was male and second-born child was female, the second-born child was assigned as the first-born daughter. Thus, this model cannot and should not focus on birth order. If this factor created a great deal of variance or other such factors played important roles, the fitness indexes of the model would worsen.
Estimation of Heritability
This study also estimated heritability as a supplemental analysis in interpreting the results of the familialities path model. Bratko & Butkovic (2003) stated that when family design is used, the genetic contribution to individual differences or the proportion of the phenotypic variance due to genetic variance cannot be estimated separately from the shared environment because parents and their offspring share both genes and the environment.Therefore, familiality estimates are used, and they represent the upper-limit estimate of heritability. Weidner, Rice, Knox, Ellison, Province, Rao, & Higgins (2000, who studied familiality in psychological hostility, calculated heritability, adjusted for spouse resemblance, as
where all the parameters (cc, pc, and pp) are averaged correlation coefficients; cc is the average sibling (child-child) correlation, pp is the average spouse (parent-parent) correlation, and pc is the average parent-child correlation. Negative correlations were fixed at zero for this computation. This is "generalized heritability," which includes both polygenic and common familial environmental sources of variance (Weidner et al., 2000) .
Objective
The current study examined familiality of temperament and character traits with TCI. This process involved estimation of heritability from parents to children, correlations between spouses, correlations between siblings, and gender differences. If family resemblances were due to genetic influences, correlations between parents and children would be high. Temperament traits of NS, HA, and RD were also hypothesized to be related to nerve transmitter substances. Additionally, we estimated generalized heritability to interpret these results.
Method

Participants and Procedure
Students who registered for a psychology class at Meiji University were asked to answer a questionnaire on Tuesday in the last week of May 2010. We provided students with a brief explanation of the theoretical background of TCI, the purpose of the study, i.e., to examine familiality, and the need for their cooperation. We then asked them to collect their family data only if they could answer the questionnaire and send their results by July 2010. Students who lived alone, far from their family, were permitted to complete the questionnaire during the summer vacation.
Participants were 358 (88.4% of 405 registered students in the class) students (357 of them were in their first or second year). We selected a sample in which individuals were over the age of 15 in April 2010, and subjects were separated according to gender. The sample included a total of 358 families consisting of 316 fathers (89.1%), 343 mothers (96.9%), 220 first-born sons (61.5%), 206 first-born daughters (57.5%), 80 second-born sons (22.3%), and 59 second-born daughters (16.5%). Fifteen thirdor fourth-born sons or daughters (i.e., the third of a gender in their families) were excluded. The sample consisted of 1224 individuals (616 men and 608 women), and the average age was 37.6 ± 15.4 years.
As was discussed previously, the path model (Figure 1 ) does not represent birth order itself, but the order by gender. If a family has three children including a son, a daughter, and a son, the children are assigned as first-born son, first-born daughter, and second-born son, respectively.
Measure (TCI)
The Japanese version of the Temperament and Character Inventory (TCI), which was developed by Kijima, Saito, Takeuchi, Yoshino, Ono, Kato, & Kitamura (1996) , was used. We used a shortened version consisting of 125 items instead of the full 240-item version. The inventory included 20 items for novelty seeking (NS), 20 items for harm avoidance (HA), 15 items for reward dependency (RD), and five items for persistence (P). To assess personality, the inventory included 25 items for self-directedness (SD), 25 items for cooperation (C), and 15 items for self-transcendence (ST). Each item was rated on a scale from 1 ("strongly disagree") to 4 ("strongly agree") (Kijima et al., 1996) . Because the inventory exhibited sufficient reliability according to Kijima et al. (1996) , we summed the scores for all seven scales.
Model and Constraints
We used Mplus version 3.01 software, and ran models of each trait in TCI independently. We imposed the following constraints on each of the seven models. Intercepts of each generation were equal to discriminate the path model for the estimation of the main effects of gender. Residual covariance among siblings was estimated according to sibling gender: brothers, sisters, and cross-sex siblings. Residual variance was restricted so that it was equal for all children to adjust correlation coefficients.
Results
The fits of the models of temperament and personality traits are shown in Table 1. Each trait model was run independently. Because chi-square tests revealed no significant results, all models exhibited sufficient fit. Other indexes of fit, CFI or RMSEA, also showed good results. The current path model could reconstruct the original covariance matrix.
Averages and Gender differences
The average score and gender differences for each trait are shown in Table 2 . These findings showed that gender significantly influenced all the dimensions of the TCI except self-transcendence. As found previously by Hansenne et al. (2005) , women exhibited higher scores on HA, RD, and C than did men, and men scored higher on PS. 
Familial Similarity
Coefficients from parents to children are shown in Table 3 . Overall, the coefficients are not very high. The table reveals some differences between fathers and mothers and shows that parental influences on sons and on daughters differ.
The results of coefficients from parents to children revealed a variety of parameters, with differing patterns of relationships depending on the gender of parents and of children. The NS of children was little influenced by parents; that of the father was almost zero, while that of the mother was greater. In contrast, PS appeared to be influenced by the father, not the mother. Character showed high coefficients. Table 4 presents correlations between spouses and between siblings. It is notable that spouses significantly resembled each other in each of the character traits (SD, C, and ST), but no significant correlations were found for the temperament traits (NS, HA, RD, and PS).
Residual correlations among siblings were not significant, except that cross-sexual siblings exhibited a positive correlation for RD. Resemblances among siblings were almost fully accounted for by heritability, i.e., inheritance from their parents.
Maximal Heritability
Finally, generalized heritability was estimated for each trait according to Weidner Table 5) . As is typical, the NS trait seemed to consistently show low heritability. Character traits showed greater heritability than did temperament. This finding is inconsistent with the theoretical background.
Discussion
This study examined familiality to describe family resemblances and differences in TCI, using a path model in SEM, which regarded a family as a biological and social system. To estimate correlation coefficients, different types of families were simultaneously included in the model using FIML.
As was expected, the results showed relatively large gender differences in the traits examined. Approximately the same effects have been observed in previous studies (Hansenne et al., 2001; Pélissolo et. al., 2005; Gutierrez-Zotes et al., 2004) .It is usually reported that women are on average more anxious than men (Hansenne, 2005) .
Temperamental Heritability
According to Cloninger's model, monoamine neurotransmitter systems are the basis of fundamental personality traits (Cloninger, 1986 (Cloninger, , 1987 . Each of the three fundamental temperaments (i.e., NS, HA, and RD) has been associated with a specific central neurotransmitter level: NS with low basal dopaminergic activity, HA with high serotonergic activity, and RD with low basal noradrenergic activity (Hansenne et al., 2005) .
The association between NS and dopaminergic function has been validated in several studies (e.g., Gerra, Zaimovic, Timpano, Zambelli, Delsignore, & Brambilla, 2000; Hansenne, Pinto, Pitchot, Reggers, Scantamburlo, Moor, et al., 2002; Wiesbeck, Mauerer, Thome, Jacob, & Boening, 1995) . Concerning the relationship between serotonergic function and HA, some studies have provided data that validate the theoretical association (Hansenne & Ansseau, 1999; Hansenne, Pitchot, Gonzalez Moreno, Machurot, Reggers, & Ansseau, 1997) . Some studies have demonstrated a relationship between norepinephrine and RD (Curtin, Walker, Peyrin, Soulier, Badan, & Schulz, 1997; Garvey, Noyes, Cook, & Blum, 1996) , According to the above results, we expected that the coefficients between parents and children would be high. However, these coefficients with respect to temperament were generally lower than those for character. Estimated heritability showed the same results. It may be the case that biological background does not necessarily correspond to high heritability.
Regarding the interaction effects, it appeared that the combinations of parent's gender and children's gender affected the coefficients. Because of this, an average should not be used to interpret the results. For example, NS scores were correlated with mothers' scores, and PS scores with fathers'. In addition, cross-gender heritability seemed to be low.
Familial Correlation
The correlations between spouses showed significant positive relationships with respect to character traits. It is possible that individuals married those with similar character traits, as suggested by the principle of assortative mating. However, it is unclear why individuals would not have selected a partner with similar temperament as defined in the TCI.
Regarding the NS, the low correlation (r = 0.11) between spouses was not expected given that a previous study (Bratko & Butkovic, 2003) , which utilized a sensationseeking scale, found a high correlation (r = 0.44) between spouses. The discrepant findings might be due to differences in the scales in the two studies.
Given that no significant correlations were found among the four temperament traits (NS, HA, RD, and PS), we suggest an alternative hypothesis to replace the hypothesis of assortative mating, namely that a shared environment gradually affects character trait resemblances. Under this assertion, the correlations among character traits and the lack of correlations among temperament traits could be interpretable, given that temperament is not affected by environment. Self-transcendence could be interpreted in this way because the correlations of self-transcendence between spouses and between siblings were generally high. However, residual correlations between siblings were generally not significant. Environmental effects were also limited. Future research should further explore these correlations.
Future Tasks
Character traits were affected by both genetic and environmental factors, as expected. However, temperament traits did not exhibit the same pattern of results. Spouses and siblings were not similar to each other. It would be of interest for future research to confirm the validity, rather than the reliability, of temperament traits. It is possible that the temperament scale measures quite different psychological traits.
It is possible that temperament has more complex structures than we expected. The small association between the temperaments of spouses could be caused by spouses who have opposite traits. If such a group is present and unrecognized in the population, it becomes a future task to detect it, as this possibility would challenge the expectation of a high correlation between spouses. 
